Background: Intra-abdominal hypertension is known as a factor affecting cerebral haemodynamics. Sustainably elevated abdominal pressure may disturb the balance of intracranial/blood pressure ratio, eventually developing perfusion pressure to drop.
Pressure variations in body compartments including intracranial, intra-abdominal, thoracal and others are accompanied by dynamic functional changes and specific autoregulatory mechanisms that are triggered in attempts to balance the disturbances. Alterations in pressure could be the result of acute conditions such as traumas or a consequence of variety in etiology pathological processes. 1 In both situations positive causal-effect feedback occursthe phenomenon underlying hypertension is being influenced by increased pressure leading to additional rise of pressure. 2 The condition 'intra-abdominal hypertension'
(IAH) has been treated as an important scientific subject for long time because of its clinical significance assuming it as precondition to the development of 'abdominal compartment syndrome' (ACS). 3 Notable particularity of IAH is its contribution to increase of intracranial pressure. Elevation of intracranial pressure produces disturbances in cerebral venous drainage and consecutive blood standstill. 4 Decreased cardiac stroke volume in combination with elevated intracranial pressure together result in significantly lowered cerebral perfusion pressure eventually reducing blood supply. 5 Development of cerebral vascular disorders in IAP-condition is combined sequence of mechani-cal phenomena and counteracting auto-regulatory neuronal responses attempting to balance them. 6 The above relation is mediated by release of prostaglandins, leukotrienes, as well as monoamines all affecting vascular smooth muscles (SM). [7] [8] [9] Further chain of events could be understood if the influence of IAH on vascular SM contractility is assessed mainly regarding big blood vessels participants to cerebral circulation. An appropriate indicator for that are responses of isolated SM to mediators taking place as modulators of vascular tone -norepinephrine and serotonin (5-HT).
The aim of this study was to investigate the reactivity of isolated smooth muscles from arteria carotis communis and vena jugularis interna, as well as to determine in vivo changes in diameter of superficial cerebral blood vessels of rats with intra-abdominal hypertension.
MATERIALS AND METHODS

AnimAls, Anesthetic protocol And ArtificiAl increAse of iAp
Male Wistar rats with body weight between 220-280 g were provided by the vivarium of the Medical University -Plovdiv, Bulgaria. A total of 66 animals was included in the study. Rats were housed in standard laboratory conditions (23-25 C, 50%-55% humidity and 12/12h light/dark cycle) and fed with standard commercial food and given water ad libitum.
At the beginning of the in vivo experiments the animals were anaesthetized by xylazine 10 mg/kg + ketamine 100 mg/kg, injected intraperitoneally.
Modified percutaneous fixing of venflon cannula was done in order to induce pneumoperitoneum by controlled by sphygmomanometer. Intra-abdominal pressure was gradually increased up to 25 mm Hg by manual insufflation for 10 minutes and maintained for the period of the experiment up to 3 hours. 10 In vIvo study design The animals (30 rats) were fixed on electrical thermophore maintaining the temperature of 37°C during the experiment. The skin of left parietal region was cut away as tissue was treated with 3% solution of FeCl 3 in order to prevent bleeding in working area. Skull connective tissue was removed and circular cranial hole with average diameter of 4-5 mm was drilled by micro-drill system (EWL 882, 0-20000 rp/min., Kavo Elektrotechnnischhes, Germany). During the procedure the area was cooled by cold air through a thin plastic tube. Immediately after open the cranium, dura mater was flushed with ACSF. For performance of 'cranial window' technique 0.1 mm glass cover slip was fixed on the scull by sticking composition (Zink phosphate cement Adhesor, SpofaDental) (Fig. 1а ).
An USB digital microcamera (Dino-Lite AM-7013MZT4, AnMo, Taiwan) with resolution of 5 megapixels and magnification up to 400x was positioned above the examined area. Real time measurement of outer diameter of preliminarily chosen superficial cerebral blood vessels was carried out using DinoCapture 2.0 software. The system was calibrated for measurement of plane distance at certain magnification. The automatic calibration ensures significant measurements in focal plane with horizontal accuracy < 40 µm. After focusing at optimal sharpness of image, a total of 563 microphotographs of the left parietal In vItro study design At the beginning the animals (36 rats) were euthanized by overdose anesthesia (Ketamin and Xylazin). Smooth muscle (SM) helical preparations from arteria carotis communis and vena jugularis with a width of 0.8 -1.0 mm and a length of 15 mm were cut. All experiments were carried out according to the guidelines for using laboratory animals (DIRECTIVE 2010/63/EU). 11 Changes in contractile reactivity of SM vascular walls were studied in vitro using isolated strips from artery carotis communis and vena jugularis. The latter vessels were chosen because of their major participation in brain blood circulation. Experiments included registration of contractility of preparations isolated from 3 independent groups: control group, animals undergone artificially induced IAH of 25 mm Hg lasting 1 hour and animals undergone artificially induced IAH of 25 mm Hg lasting 3 hours in order to assess whether duration of IAH is a significant factor for functional changes. Norepinephrine (1.10 -8 -1.10 -4 mol/l) and serotonin (1.10 -8 -1.10 -4 mol/l) were applied to test relationship of mediator concentration and smooth muscle response.
Contractile activity of the preparations was registered isometrically by detectors Tenzo, Swema -Sweden. Initial mechanical stress of the preparations reached by stretch tenzyosystem corresponds to tensile force of 10 mN. Krebs solution (pH = 7.4) used for washing of SM preparations was continuously aerated with a gas mixture of 95% O 2 and 5% CO 2 at 37°C. The 60-minute adaptation of tone level of preparations was taken as a starting tone and the changes as contraction or relaxation are compared to it. During the period of adaptation Krebs solution was changed several times. Drug-caused reactivity of SM preparations was counted and registered by gain stage Microtechna (Czech Republic) and recorded on paper recorder Linseis (Germany).
The following chemicals were used: L-norepinephrine hydrochloride (Sigma), serotonin (5-HT) (Sigma 
stAtisticAl AnAlysis
The data obtained were expressed as the mean ± standard error of the mean (SEM). Statistical differences were tested using Student's t-test (for independent variables in contractile activity examination and for dependent variables in vascular diameter measurement). Values of p<0.05 were considered significant. All statistical analyses were performed using a specialized software SPSS, version 17.0 (SPSS Inc. Chicago, IL).
RESULTS
In vIvo study of the chAnges in superficiAl cerebrAl blood vessels diAmeter in rAts with ArtificiAlly induced iAh (n=30) 24 rats with open skull were examined. The following results were obtained for pial vessel diameter alterations during IAH: • 15 animals showed tendency to increase the vessel diameter from 67.5±12.5 µm to 81.54±16.96 µm; • 7 animals -tendency to decrease in vessel diameter from 67.5±12.5 µm to 60.08±6.6 µm; • in 2 animals no changes were found.
6 rats with cranial window were examined. The following results were obtained for pial vessel diameter alterations during IAH:
All 6 animals showed tendency to increase the outer diameter: from 67.5 ± 12.5 µm to 73.91±25 µm.
A percentage estimation of changes observed is presented in Table 1 . Representative illustration is shown in Fig. 2 . Contractile reactivity of isolated artery carotis communis and vena jugularis interna smooth muscle preparations from control rats and IAH rats was registered. We found that the mechanical responses to norepinephrine (10 -8 -10 -4 mol/l) of IAH-rats arterial SM preparations did not differ from control ones. The data for 1 hour IAH group and 3 hours IAH group is presented in Fig. 3 . In contrast, a significant increase of serotonin (10 -8 -10 -4 mol/l) induced SM responses of isolated a. carotis communis strips (1 hour and 3 hours IAH rats), compared to control reactions was observed (Fig. 4) .
No mechanical responses of vena jugularis interna SM preparations to both 5-HT, and norepinephrine were registered. 
DISCUSSION
Intra-abdominal hypertension is well known as a factor involving intracranial pressure elevation. 12 The later underlies dynamic feedback with cerebral blood flow. 13 Auto-regulatory mechanisms controling cerebral haemodynamics are capable of modulating vascular smooth muscle activity producing contraction or dilation in order to balance perfusion pressure in an appropriate range. 14 Our experiments with rats subjected to IAP showed prevalent tendency to increase the pial vessels diameter over abdominal hypertension condition.
In normal values of abdominal, thoracic and intracranial pressure, dilation of arterial part of cerebral vascular network is accompanied by reduction of hydrodynamic resistance of vessels. 15 The loss of myogenic tone in such condition could minimize vascular resistance to levels at which perfusion flow is sizably increased (rise of 300% -400%), a condition known as autoregulatory turn. 16, 17 IAH-induced vasodilatation is a consequence of complex mechanical and neuronal auto regulatory response passing on the background of strongly decreased blood stream due to drop of cerebral perfusion pressure and slower venous drainage. 6, 18 It has been proved that rapid alterations in cerebral vascular blood pressure directly trigger myogenic activity regulation in manner leading to dilation of blood vessel in rats. 19, 20 Causal effect ground for variation in intravascular pressure in our experiments are phenomena with hydrodynamic nature: decreased perfusion flow due to abdominal and thoracic hypertension, whereas the contribution of neuronal effects is sequence. General result of strongly decreased blood flow is hypoxia. In accordance with previous studies hypoxic disorders in brain must initiate a chain of reactions with dilatory effect over the vessels. 21 Similar blood vessels behavior was registered in our experiments -pial veins diameter rise (average in 80% of cases) when the animals have undergone IAH. It is assumed that main participants in that vascular response are metabolites with relaxing action: adenosine, prostaglandins, as well as excitatory amino acids indirectly contributing to relaxation by release of vasodilators from intramural neuronal net. 14 Significant participation in hypoxia-induced relaxation has activated endothelium, producing prostacyclin and NO. 22 In SM cells of cerebral arteries hypoxia activates membrane ATP-sensitive К + channels, producing hyperpolarization and reducing Са 2+ permeability. 23 Some theories suggest hypoxia to be inhibitor of inositol-three-phosphate Са 2+ releasing cascade in SM cells suppressing sensitivity of contractile proteins to Са 2+ . 24 A relevant tendency of increase of vascular diameter in experiments with cranial window (100% of animals) corresponds to previously established negligible difference in extra vascular pressure at open skull and cranial window measurements (up to 5 mm Hg ). 25 The latter validates the significance of both techniques of measurement. 19 Changes in SM contractility induced by IAH could reflect on haemodynamic disturbances in general. An appropriate model for studying of such alterations is examination of contractile activity and reactivity of isolated vascular SM. Some authors have reported sizable contractility variations of isolated brain arteries at different blood pressure values. 26, 27 In the course of experiments we registered increased contractile reactivity of arterial preparations isolated from IAH-rats to 5-НТ and unchanged reactivity in respect of norepinephrine. The tendencies observed are likely to be a result of sensitization of 5-HT excitatory pathways, provoked by IAH exposing time dependence (bigger at 3 hours IAH than 1 hour IAH). It is obviously acceptable that any perturbance of arteria сarotis communis contractile reactivity in condition of IAH will affect cerebral blood perfusion. 14 5-HT is considered a major factor in regulation of cerebral hemodynamics due to its ability to influence SM cells directly and through stimulation of sympathetic nerve and endothelium. 28, 29 Our previous studies have manifested leading role of 5-HT 1В receptors in vasoconstriction of isolated rat arteria carotis communis. 30 There is evidence that 5-HT excitatory effect on rabbit arteria carotis communisis mediated by 5-HT 2А receptors, while potentiated reactivity of arterial vessels to 5-HT is done by autosensetization through 5-HT 1В receptors. 31 The above considerations could be accepted as explanation of the contribution of increased contractility of arteria carotis communis, as well as causal-effect relation between lowered brain perfusion and SM sensitization to 5-HT.
CONCLUSION
The results presented show that IAH in rats induces the following alterations in condition of major cerebral blood vessels:
• Increase in contractile activity of arteria carotis communis to 5-НТ that is proportional to dura-tion of IAH.
• Lack of changes in reactivity of isolated arteria carotis communis SM preparations to norepinephrine in IAP-rats compared to controls; • Increase in diameter of pial vessels in IAH-rats, registered using both cranial window and open skull technique, resulting from venous standstill.
The results obtained could contribute to better understanding of mechanisms influencing cerebral blood flow and perfusion pressure in case of increased intra-abdominal pressure and abdominal compartment syndrome.
